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REAL-TIME MANAGEMENT OF WATER QUALI’IT IN THE
SAN JOAQUIN RIVER BASIN, CALIFORNIA:

N. W. ~ Qsinn and J. Karkoski~

ABSTRACT: In the 8an Jeaqeia River Basin, California, a real-Water Resources (DWR), !.~e U.S. Bureau of Reclama-
time water quality forecasting modal wa~ developed to helpLion (USBR) and the U.S, Geolo~,dcal Survey measure
improve the management of ~aline agricultural and
drainage to m~t water ~allty objcctlvcs. Pmdi~d salt loads 5-am

flow and stage roufine]y for a vm’iety of applications.

the ws~r quality fo~asting modal, ~RIODAY, wore consistently Only the California Data Exchange Center (CDEC), a
within ~ 11 percent of actual, wlthin 2 14 percent far seven-day deparLmcn~ within O~e D~, provides river stage and

fo~asts, and within ¯ 26 ~ent for 14-day fa~,ca~t~ for t}m 16- ~ood warning information on a real-~ime Imsis. The
month trial ~od. When tim 48 d~ys dominaLed by ralufalYmnoff ~jor clients of this system arc local and s~a~ agen-
events worn climina~d from the data sot, the error bar
~ ~. 9 ~oment for the modal and ¯ ~i pe~cnt and ¯ 17 potent for

tiCS concerned with flood managemen~ and the provi-

the seven.d~v and 14.day foreca~t~, r~sp¢~tively. Constraiats o~ the sion of emergency services. Agencies such as the US

usa of the mod~l for salinlty managemcat on the Saz~ Joa~in River Army Corps of Engineers use this information to

Include tlm nvmber ofcatlties that ~nt~l m’ infl~mnce wa~r quell- determi~le reservoir release schedules during high
ty and the lack of a ~ntmlizcd authorikV ~ diro~% their acti~tiea, ru~o~ periods. The rca]-tbn~ wa~cr qva]ity manage-
The lack of ~al-time monitoring senso~ for other prima~ con.
stituents of ~ncvrn, such as selcnlum and ~ron, linfi~ tim ~pl)li- nlellt system under development for tl~e San Joaquin
catinn nf the model ~ salinity at the present timo. A case study River Basin takes advantage of some of Lhe features
doscrlbo~ wetland dratnago releases schedvlod to coiac]de withOf the existing hydrolo~c data acquisition and forc-
bigb river flows and si~ificant river assimilative capacity for salt casting programs. Unique aspects of the real-time
load,, water qualikv manage~nent System fl~at arc not repli-
(KEY TERMS: water qvality; real-time managcmcat; galts;
drainage,) ct~d by current prepares arc:

1. Use of water quality sensors: currently only
temperature, and pH are continuously legged,

INTRODUCTION although a ~’ea~r number of con stituents of concern
wiflain California’s river systems.

Real-time water quality management requires 2. A continuous and integrated system of data
error checking and validation because the data aretechniques float update the state of knowledge of a
used for re~latory purposes.sys~m continuously and allow actions ~ be taken to 3. Addition of control systems that can be usedmeet water quality objectives. Such techniques are

being developed for the San Joaquin River Basin ofmanage a~icultura] and wetland drainage water flow

California to promo~ voluntary compliance with s~a~and wa~t quality.

water quality objectiws for priority pollutants such as 4. Institutions ~hat coordinate actions and reopens-

selenium, boron, and ~tal dissolved solids, es of reLmla~s, operators, and other public and pri-

The techniques required to collect and trm{smitva~ entities.

flow and s~gs data are w~,ll established. In Califi~r.
nla~ public water agon’cio$ such ~xs th¢~ Ill,pertinent of

iI~apcr No. 97053 of the Journal of the Amcrlca~z l{hler Reso~rce.# Ass~’iation. Discu~ions are open until Au~a~ 1, 1999.
2Respectiwly, Sta~ Geol~gical Sclenti~L, Lawrcncc Berkeley National Laborato~T 70A-3317K, Berkcle~ Cali~rni~ 94720: a~d

95814 (E-Mafl/Quinn: nqutnn@m~0Sa.mp.vsbagov).
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BAOKOROUND The Grasslands Basin is a hydrolo~,dc unit situated
west of the San Joaquin Rive!, bounded by Wesflands

The San Joaquin River draiim a basin of approxi-Water Dis.trier to the south and State Higl~way
matoly 34,560 square "kilometorg. Runoff from the.the north, that naturally drains to the San goaquin

basin is domina~d by snowmelt and rainfall from theRiver. The soils in the. Grasslands Basin are naturally

Sierra Nevada Range and its foothills to ~he cast of high in salts and of low permeability, rPhe low

the San Joaquin Riwr. The three east-side tribu-permeab~llty combined with the importation of water

taries, the Merced River, the Tuolumn~ River, and thehas resulted in a shallow groundwater table. To main,

Stanislaus River, provide the majority of the flow inrain productivity, the installation of artificial drainage

the San Joaquin River (Figure 1). The predominantis necessary in low-lying agricultural areas. Drainage
land use in the San Joaquln River Basin ~s irrigated produced from a 41,000 hectare agricultural area in

agriculture. Irrigated agrlculturo on ~he west side of the southern part of the Grasslands Basin [he.re.after

the Basin is supplied predominantly by imported referred to as the Drainag~ Study Area (DSA)} con.

water from the Sacramento-San Joaquin Delta, tarns high c~ncentrations of certain trace elements

whereas the east-slde tributaries and ground wa~cr and soluble salts that are harmfu! to fish and wi~dlii~.

provide the majority of the water supply to the east The primary constituents of cm~cern are salt, boron,

side of the Basin. and sclcnlum.
From a water quality point of view, the dischargt~s In addition to discharges from the DSA, surround-

from tho Grasslands Basin are of particular interest,ing wetland areas also contribute a sig~aificant salt

San Joaquin River Basin

¯ Vemalis            Landing

¯  slands Basin

\ Drainage Problem Area
\ (90,000 acres)

Figure I, The San Jtmquin R~vo.,, l~nsln Showing tim Outllnc of the
and tht~ 4 l,O00 Hm:tam Dmfinagc l",x~hlnm Area
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l:[eal-T~rno Management n~ .Watc.r Quality in the ~an Jonquin River Ilasin~ C~l~h~rnia

load to the San Joaquin River during the spring .with subsurface agricultural drainage sysh:ms are
months (Grober et el., 1995). Thc combined dis- desigm:d to turn on automatically wh,:n water reach-
charges from the agricultural lands and wetlands ises a sol level in the sump. Hence, the pattern 0f dis-
conveyed fl~rough a system of canals and naturalchargcs~from agricultural lands generally mirrors the
streams to thc San Joaquln River, F~gure 2 showsirrigation s~.ason. In contrast, surface drainage dis-
that the salt load contribution to the River frmn Mudcharge from seasonal wetlands occurs in early spring
and Salt Sloughs, which contain return flows frombetween February and April. Some control of the
bath agricultural and wetland areas in the Grass-scheduling of the seasonal wetland drainage, can be
lands Basin, is high relative th other tributary sources,exercised by .wetland managers, although th~se
of salt in the, San Joaqain River Basin. Dilution of theschedules are determined to a large extent by habitat
poor quality discharges from the Crrass]ands Basin isrequirements and local management preferences of
provided by the east-side tributaries. Flows in theprivatx4y owned duck clubs.
eas~side tributaries are regulated to a largo degree The timing of the discharges of dissolved solids and
by upstream reservoirs which, in turn, are operatedtrace elements from the DSA and the timing of rcser.
according to predetermined rules and release sched-voir releases are such that the assimilative capacity
ules. These rules and release schedules account forof the San Joaquin River is often exceeded at the
flood storage, fish migration, irrigation, hydropowor,compliance monitoring locations. Opportunities have
watzr quality control, and recreation, been identified for adjusting the timing of discharges

In contrast to the high degree of regulation andand reservoir releases {A. Hildebrand, 1989, Letter
control of east-sid~ tributary flows, the discharge ofsent ~o Ed ]mhoff, Program Manager, San Joaquin
pollutants from the DSA has historically been unrcg-Valley Drainage Program (1985-1990), Sacramento,
ulated and uncontrolled. Sump pumps associatedCalifornia). The practical constraints to making such
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adjustments have not been thoroughly explored full assimilatiw, capacity of the river was availablc

(Karkoski e[ el., 1995a). By making such ~djustm~nts, and no annRal selenium load cap was imposed;

temporal variations in water quality can,be mini-whereas the CRWQGB mod~l a~umed zuhopLimal
mired, and the fi’equensy of violation ofwa~r qualityuse of the a~similative capacil~y and imposqd the
objectives can he reduced. A real-time wa~ qualityCRWQCB Basin Plan’s annual selenium discharge
managemen~system, along w~th pollutant load rcduc-load cap of 3,~24 kg (CVRWQCB, 1996). The
tisn, could allow continued discharge of salt fromCRWQCB model ~lso assumed that a mean annual
a~calt.ural lands and wetlands wh~le minimizing timdischarge of selenium from the agricultural water dis.
impacts on the San Joaquin River and clim~natlngtriers ~ the San Joaqvin river was 2,945 kg. Although
violations ofwa~r quali~ objectives, the abov~ models differed ~n c~r~aln assumptions, the

premise shared by both models was that radiating
reservoirs could b~ c~nstructed and managed to
respond t~ real-tJm~ conditions in the San Joaqu~n

REACT]ME WATER QU~ITY MODELING R~vcr.
IN TIIE G~SL~DS BASIN In contrast, fl~e analysis used by fl~e CV~CB Jn

d~vcloplng its control plan for solenium was based on
Previous real-time water quality m~doling efforts a modified EPA load se~ting mctbodolo~ 0~arkoski

in the Grasslands Basin have mostly focus¢~d onet al., 1995b; CVRWQCB, 1994) which assumes
screening-level assessments of opcrational constraintsextremely limited ability to forccast, and therefore
on, and opportunities for, agricultura] drainage dis-respond to, awd]able assimilative cap~cit, y. The
charges. The U.S. Bureau of Reclamation (USBR) monthly flow record (~970-~99!) was divided into
dvveloped a sophistica~d planning model that ceased-eight flow reglme~ which differed based on water year
ered several al~rnativos to meet selenium and borontype (dry and wet) and season. The selenium e~luent
water quality objectives in the San Joaquin Riverlimits were ~et for the low flow conditions in each flow
(Qulnn, 1993; Quinn and Delamore, ]994). The alter-regime (quasi-steady state) to meet an "a]lowab]e"
natives considered were irrigation improvements,rate of violation - once every three years as allowed
drainage wa~r reuse, ]and re~ir~mvn~ and the use ofby federal re.lateen.
holding reservoirs to re~la~ the ~ele~sc ~f drainag~ Tahle 1 compares tl~e annual allowable ~elenium
to the River, These a]t~rnatlves were optimized toload from the CVRWQCB analys~s for dry years and
minimize the size of ~e re.luting reservoirs and towet years, under dynamic (rsal-tim~) vm’sus q~asi-
~nsurv that the constraining water quality objectivesteady stale modeling assumptions, It is clear from
(selenium or boron) was not ~xce~dvd. The results of~abl~ 1 that the advantages sf using a real.time sys.
the modeling analysis suggested that w~th invest-tom are s]gnificunt ~o th~ dlsrh~rgvr allowing a
ments in drainage recycling facilities and the con-greater selenium load to be discharged, annually,
str~ction of regulating reservoirs wifl~ a total capacity wifl~out violating selenium concentration object]w~s.
of 4,3 million cubic meters, wa~r quality objectives
could be met at all times (USBR, ~991). The USBR
model assumed perfect forecast and response to TABLE I. Comparison of R~al.Th~e
roo0iv}ng water assimilative capacity and ~hat the Q~asi-Static Sel~nlum ~ad Limits.
water quality of irrigation water and groundwater
pumpags remained constant during tlm simulation
period, .

Load (kg) Load ~g)

Another screening-level model developed by the Qvasi-Stf, tic 1408
CenWal Valley RegionM Water Quality Control Board
(CVRWQCB) (J. ~rkoski, 1995 unpublished analy- Dynamic01~al-Timc) 3364 2105
sis) considered the ~ff~cts of load reductions and
model and response errors on the sizing of
reservoirs. Model and response errors were expressed
by allowing only 80 percent of Lhe available assimila- Opm’a~ions Medalstire capacity to be used. ~en evaporation effects
were considrred, th~ s~rag~ siz~ required for re.lut-
ing reservoirs was found to be 26,8 m~lHon cubic Although the scrc~mlng level models poinLto po~n-
m~ters. The large difference in regulating rese=’voJrtial advantages of adopting a real-time water quality
volumc (4.3 vs. 26.8million cublcmt~l$rs)isafunctlonmanagement system, the actual opport,unitics
of ~he diWcrcnt assumptions made in ~,~ I.wt, model~presented by such a ~y~L~m curt only be eval~a~cd
ing approaches. In the case of fl~e USBR model, tbcwith the development; of an operations mod~l. An
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operations inodel is inhcr(mtly more data-intcnsiverealized from a real-time water quality management
than a screc.ning or planning model, system. Novotny ct el. (1992) suggested thai. a recur-

The literature contains many cxalnples of watersire p:~rameter estima~:ion method for autoregrcssivc
related problems that hay(: beau addrc~sse.d fully or inmoving average models or a neural network model
part through real-time data acquisition, informationwould provide i,he desirable features of adaptability
dissemination and oparation[~l control. Much of theand predictability required for rcal..time coot.col of
literature drscrlbes the general field of optimization,wastewatcr treatment procc~sses. The need for these
dynamic programming, and optimal control theory,features is heightened when the size and variability
Tile efforts of these researchers highlight some of theof the syst~m t~ be modeled increases (i.e., when the
challenges and potential solutions in the developmentforecast lead times and model rotors increase).
of a real-time water quality management system for Although the general problems of data reliability
thc San Joaquin River. are common to most of the real.time applications dis-

Krajewski et el. (1993) considered the real-tim¢~cussed in the literature, most appcare.d relatively
optimal control of power plant cooling water dis-tractable compared ~o the water quality management
charges. The effect of a single major discharge (powerproblmn in the San Joaquin River Basin.
plant ~ooling. water return flow) was simulated, along
with ambient hydromst~orolog~cal conditions to deter-
mine compliance with the temperature, standard 20
km downstream. A thermal model was used in con- REAL-TIME DATAACQUISI’PION SYSTEM
junction with an optimization model; the optimization
model minimized losses when the power plant was Although river s~aga, EC and teTnpcratur~: haw:
unable to generate power at ~ potential level undbeen monitored on a real-time basis, other real-time
imposed penalties for violating th<.~ temperature stun-water quality monitoring is ge.nerally limited to those
dard. The loss function was stochastic in nature sincepropt:rtivs and constitnenfis such as ~cmpcraturc,
it was dependent on the thermal model - the thermalor dissolved oxygen for which no sample preparation
model forecasted hydrometoorologlca] conditions~s required. Techniques for the real-time measure-
bascd on assumptions of initial and boundary condi-meat of other parameters of interest in the San
tions. Krajewski et el. (1993) were able to d~:te.rmine Joaquin River, such as selenium and boron, have not
the effect of errors in forecasted hydromctoorolo~dcalbeen established nor are rc}iab]c sensors available.
conditions on model error and the calculated net ben- A real-tlme water quality monitoring network has
efik been cst~blishvd in the Grasslands Basin and along

Novotny el el. (1992) investigated the challenges ofthe main s~m of th,: San Joaqu{n River. Ni,m sites
applying a real-time management and control systemwere chosen for real-time monitoring oft’low, electrical
to wastewater treatment plants. 3Yeatmcnt plants areconductivity and temperature along the San Joaquin
often d~s~gned based on. assumptions of steady-stateRiver and its tributaries. These monitoring sites arc
concentrations of influent to the trcatmcad, plant andlisted in order from upstream to downstream, togefll-
effluent concentrations from the plant equal to allow-cr with the sensor data collected at ead~ site;
able water quality standards. Novotny ~:t el.
suggested that a Lreatme~t process control and man- ¯ San Joaquin River at Lander Avenue,. (EC, flow,
agement scheme be adaptive, predictive, and efficient, romp)
Such a management model should he able to adapt to ° Salt Slough at llighway 165 Bridgc (I’:C, flow,
variations in input, able to forecast input changes, romp)

¯ and be efficient by limiting idleness of plant units and ¯ Grasslands Bypass (compliance point - site B)
the discharge of untreated waste. Storage was aug- (EC, flow, ~mp)
geared by Novotny et el. (199~.) as a builhr against ¯ Mud Slough near Gustine (EC, flow, ~mp)
temporal variations in assimilativv capacity of the ¯ Merced River near Stevinson (EC, flow, tomp)
receiving water. Model features included an assess. ¯ San Joaquin River at Newman (tlow)
meat of treatment plant output to the environment, ° Orestimba Creek (EC~ flow)
response of the environment to the output and opti- " San Joaquln River at Crows Landing (EC, flow,
mization of the system to maximize efficiency, romp)

Krajewski et el. (1~93) demonstrated that model¯ San Joaquin River at Vernalis (EC, flow, romp)
errors due to lack of information on hydrodynamic
parameters such as channel geometry, poorly under- The. locations of these stations ~re shown i~ leiLmrc
stood processes such as ground water ~nflow, and lack8. The dale from these stati~ms is currm~tly tclcmc-
of input data such as wetland and agricultural returntered via modem to central data precis.soling stations
flows cm~ have a significant impact on the benefitsI.he USBR and (.he DWR, where I,hc intestinal,ion
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San Joaquln River at Vernalis

Stanislaus River

Tuolumne River

San Joaquin River at Crews Landing
,Del Puerto Or Joaquin River at Newman

San Joaquin River at Merced River near Stevinson ./
Orestimba Creek

San Joaquin River at. Lander Avenue /
/

Mud Slough near Gustine                                               .,-

Grasslands Bypas,=
Site B ,/

Los Banes Salt Slough
@ Hwy 16,~ ...

0 10    20 /
I = =km /

¯ San Joaquin River monitoring sites

0 Tdbutar~ monitoring sites

Figure 8. Lom’d,|o=~ of ReaLTime Monitor|ng Situs in the

checked for errors and missing values and parsed into solids (TDS), boron, and selenium ~br a 96 km reach of’
a format accessible by a daily water quality forecasL~ the San Joaquin River from Lander Avenue to Vet-
ing model. The evolution of this medal and its applies- nalis (SWRCB, 1985). An ex~ensive database was
tion is the nexus of water resources modeling assembled, with data for wa~r years 1977 to 1985, to
activities in four agencies within California: the Sta~run the model, The SJRIO was modified to acccp~
Water Resources Control Board, the U.S. Bureau ofstochastic data, so flint it could be run with his~r]cal
Reclamation, the California Department of Waterdata, s~chastic dn~a, or a combination of both. The
~sources, and ~e California Rc~onal Water Qualitymodel has bccn further modified to run on a daily
Control Board (~pps et al., 1997), time step so ~ha~ it can be used wi~ real-time flow

and wa~r quali~y data on the SJR.
The daily model, SJR’IOI)AY, cont:ains the following

tribut;ary river segmen is:
SAN JOAQUIN RIVER DALLY

INPUq£OUTI~UT MODEL                     ~ 10 km of Salt Slough below the llighway ~fi5
ga~ng s~tion

The San Joaquin R~vcr Daily Input-Oatput * ~5 km of Mud Slough below fl~e ~stlne g~dng
(~RI0) model ~s a mass balance model which calcu- station
lares daily flows and concentrations of to~al disso}ved
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° 8 km of the Merced River bc~.low the Stevinson The GUI performs five functions:
gaging station

¯ 24 km of the ~l~Blumae Ri~er balaw the Modcs~ 1. Retrieves real-time monito~ing data for initial
ga~ng station conditions by medium from a dedicated comput~r or

¯ 14 km of fl~e Stanislaus R~vcr b~]ow the Ripen web si~. (Telemetered d~ updated weekly by field
ga~ng station staff a~er quality assurance checks have been per-

¯ Several kilom~ter~ of three wes~s~dc tributaries:formed.)
Del Puerto, Orestimba and Hospital/lngram 2. Edits and uploads water operators’ opera~iona]
Creeks schedules.

,q. Runs fl~e predictive ~RIODAY model.
Daily flow calculations for the SJRIODAY model 4. Downloads model results.

are made using hydrolo~e routing ~chniques. Water 5. Displays the r~sults.
quality constituents ate considered conscrw~ive.
Those dat~ are used to establish initial conditions for There are two versions of the GUI. The general vet-
model runs and ~ generate a two-week forecast ofs~on for water operators can edit and upload opera-
flow and EO. In the absence of real-Lime data, boron ~]onal schedules of reservoir releases, download the
and selenium forecasts are made using the mostresults of computer runs using the forecasting model,
recently available data combined with historicaland display the output from t~se runs. This version
means and the best judgment of the modeler. Real-does not allow the user to mal~e a full model run. The
time or forecasted rainfall can
additional runoffin the basin, iloal~time data are sup-the operators’ v~rsion bu~. also allows ~.hc user to
plomsntcd by mean monthly flow and w~.er qualitydownload monitoring da~a m~d ~.o run t~hc forccas~h~g
data for other model components for whid~ no real-model, SJRIODAY.
time data are available, including: groundwater,
riparian and appropriat]w divorsian~, surface and
subsu~ace a~icul~ural return flows, ~pari~m evapo-
transpiration, evaporation, and precipitation. These MODEl, R~SUI.TS ANI) ]CORECASTS
components are estimated within fi~e model based on
seasonal variability and we~dry wa~r year classifies- Forecasts of flow and water quality at Vernalis
tion provided by the modeler, were made each week from February 12, 1996, to

Jose 30, 1997, and a peal audit of forecast accuracy
was broadcast on the cl(*cl.ronic l]stsorvor, comparing
the forecasts with observations obtained from CDEC

G~PHICAL USER I~ERFACE and the real-time monitoring system (~pps el al.,
1997). Fih~rea 5 and 6 show

A Graphical User In,flare (GUI) was designed for forecasting mod(~l for predicting flow and EC at Vet-
the SJRIODAY model ~ be user ~icndly by exploiting nails. The observed CI)I~C and model-simt~latcd flows
the point.and-click capability of fl~e Windows system at Vernalis and the observed CDEC and simulated
(Fibre 4). Upon execugon of the GUI a colorful map TDS concentrations and assimilative capacities are in
of fl~e San Joaquin River system is displayed on fl~ecloser agrcom~mt ia the case of the 1-week forecast
computer screen. The user can direct ~hc arrow cursorthan for the two-week forecast, as expected. T1)e
~ any part of the map and, using the point-and-clickmode] performed well d~ring most of 1996 and, in
system available within Windows, recall the data forparticular, the summer months, when flows and
review or for changes of input conditions. The userwater quality on the) San Joaquh~ Riv~r w~re domi.
can also scroll through a display ofda~s, viewing thesated hy a~ic~ltural drainage from Mud and Salt
~mporal variations of water quality parameters atSloughs. Predicted salt loads from fl~e water quali~y
any map location on fl~e screen and can display spa.forecasting model, SJRIODAY, were consistently with-
tie] color coded changes in water quality at ~my ~dvcnin ¯ 11 percent of actual, wifl~in ~. ]4 percent for
~ime. By clicking at a time advance button, ~he userstevens-day forecasts and within ~. 26 percent for 14.
can create a near.anlmation of salt movementday fi)recasts for fl~e 16-month trial period. In gcn~r-
through the San Joaquin I~iver between Landerel, the model totals ~.o ~w~r~stlmai,e flow as well as
Avenue and Vernalis.

The San Joaquin Valley was subjected to a series of
severe winter storms between December 25, 3996,
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~dso a~cess historical water q~allty data for ~leaium ~nd bo~n. The EG criterion (on.red
is user defined and p~d~ce~ a red ~lora~{on aloag the m~in ~m of the ~,,s Joaq~in when
obJectivem are ex~cded and ~ ~n coloration when water ~aliLy objccLiws are being tool

and January 25, 1997, which produced an extraordi- model, seven-day and 14-day fbrecasts were 0.93,
nary volume of runoff £rom the c.astside Sierran 0.88, and 0.76 using the full data set, which improved
watersheds. Without an accurate watershed model,to 0.95, 0.91, and 0.79 when the 48 days dominat~:d by
runoff £ore, gasts were based on estimates of the floodrainfalbrunoffevents were eliminated.
hydrogrhph from each contributing wateyshcd and Figures 5 and 6 illustrate ~hc problems encoun-
real-time flow data. When flow and EC for the 48 tared in making accurat, c flow forecasts during the
days dominated by rainfa|l]runoff events during thetrial period. Although the model and ~hc runoff rOTe-
trial period were eliminated from the data set, thecasts continued to overes~ima~c real-time flows
error bar decreased to + 9 percent for the model, andbetween January 14 and Ja~uary 25, 1997, levee
+ Jl percent and + ]7 percent for the seven-day, andbreaks along the San Joaquin River accounted for
]4-day forecasts respectively. R-squared v;duos for thesome or the discrepancy. In some h~stances, the model
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l~eal-Tirn~ Ma~ngo.mvnt of W,~.~:r Qu~dlty i,~ tl~e ~an Jo~quin J[~er ~in,

and forecasts aler~d ~hc analys~ ~o problems in ~he W~TL~D DI~INAGE MANAGEMENT
moni~rlng networks, which included fl~e failure of an
EC sensor and a flooding problem when a portiere of" Wet,land discharges of sal~ to the river have come
fl~e river flow was dive~d around fl~t~ gaging st~ion, under increagcd scrutiny cvcr sincc~ the provision of
The dominance of eas~side tributary flows on Sanadditional l"cdcral water supply under the OentrM
Joaquin River water quali~y during fl~c trial periodValley Improvement Act of 1992, }n the Grasslands
improved the accuracy of prediction. Model and fore- Basin ~hcre are 41,000 hectares of wetlands - a corn-
cast EC concentrations were not significantly di~~r,binatlon of pcrmanenq seasonal and upland habitat
ant from the r~al-Lime EC d~tta, for migrating wildfowl of the Pacific Flyway. The

L~eaLesf impact to the San Joaquin River is from sea-
sonal wetlands which are usually ~oa~]cd in ~hv

REAL-TIME M~AGEMENT OI" mon~hs of Septembcr amt Oc~ber and drain during

FLOW ~D WATER QUALITY the spring months of March, April and May, Approxi-
mately 10 percent of the salt in the San Joaquin River
derived from these wetland discharges. ~c potential

The accuracy of the forecasts parforn’md with th~ ~or real-time management of salts fr¢~m these wet-
aid of the model is greatest when schedules of east-lands is constraincd by the necessity to pr¢,vide maxi-
side reservoir releases and estimates of agrlcul~u~’a[mum f¢~od value and habitat requirements for
and wetland drainage dlschargcs are available. Thesodi~crcn~; wildfowl species.
de~rmlnistlc inputs refluc~ fl~e errors associaf,cd with Dm’ing ~ar]y Janizary 199~i the Grassland Wa~.cr
the inherently s~chastlc nature of river flows andDistrict, in cooperation wi~h the Water Quality Com-
agrlcultur~d loads. Reliab]~ forecasts m~d the capabili,mittee of the San Joaquin R~vcr Management Pro-
ty ofdischargcra and divorters ~ act upon these fore-gram (SJRMP), conducted an experimental early
cas~s requires information exchange dad c~ordinai,cddrainage release of prmded wa~r, This early release
management, provided a po~ntial behest: to fl}e River by reducing

the likc]ihovd of downstream salinity impacts later in
fl~¢~ season and reducing the risk of salinity objective
violations. The Water District requested that fhc

REOPE~TION OF EAST-SIDE RESERVOIRS auflmrs provide a forecast of fl~c most advantageous
t~ime to ma~e th$s r~lease. A mode] forecast, made

Water districts make releascs from east-side rcser-January 15, ]996, sugges~d flint fl~c combination
volts ~r power generation, irrigation, and municipalhigh river flows and an immh~enL rainstorm might
wa~r ~ cities and towns located along the major Sanprovide the necessary assimilative capacity. The peak
Joaquin tributaries: ~serwir operators are ob]igat,edwetland release was t.imed so fl~aL it would coincide
to make releases ~ aid fish migration during certainwith peak flow in the Sa~ Joaquin River. Wetland
times of fl~e year pursuant ~ fhclr FERC licenses andflushing began on January 18 and ended on February
f~r recreation and other purposes negotiated wi~h19, wi~ the peak flow occurring between January 27
local interests. East-slde reservoir opera.re have hadand February 10. This peak flow arrived a~ Vcrnalls
few incentives in the past to cooperate with a~icu]-between Fehr~ry 1 and February 14 (Figure 7). 0n
rural wat;er districts and wetland refuge managers ~January 15, before the arrival ofghc wetland releases,
improve wa~r quality conditions in fl~c San Joaquinflow at Vm’nalis was approximately 56 cubic meters
River. These attitudes are shining wi0~ recentla~s]a:per second, and the EC was 1000 uS/era. At fl~e
tion to encourage water transfers and wa~cr market-of arrival of the peak wetland releases at Vcrnalis,
ing. Such incentives have allowed the Federalflow at Vernalis ranged from 148 to 294 cubic meters
Government ~ acquire water supplies for tributaryper second and the EC ranged from 220 to ~30 uS/era.
pulse flows to aid fish ruination. ~e U.S. Bureau ofExcess assimilative eapaciLy was observed in the
Reclamation has developed a scheme to compensateRiver throughout the simulation period as a result
vast-side water district;s for additional scheduledthe rainfall-runoffevents in the upper watershed. No"
releases thaL eRceed normal operations for’the put-violations of the EC objecbivc occurred during the
pose of improving the salmon fishery. These pulsetrial period, and t.h~re were no EC violet.ions in
flows provide Windows of opportunity far west-side San Joaquin River during Ma’~ch and April 1996.
a~icultural wa~r distrivfs and wcfland managers
increase discharge flows and sa}t loads wltbo~t violaf,-
ing ~he San Joaquin River salinity objcci~w~s at Vcr-
nalis.
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MANAGEMENT AND CONTROL OF and EC monitoring systems, recirculation pumps and
AGRICUI~’|’UIUkL DI~kINAGI~ ditches, drainage storage facilities and sump control

systems will allow conLrallzed control of drnlnagc dis-

The most cost-effective agricultural drainage con-charges from each district. ~ut.let..
trol structures allow s~rage of drainage e~uent dur-
ing periods of low assimilative capacity and dischargeSosrce Con,~rol and Wa.~erof drainage effiuen~ during periods of high assimila.
Live capacity. Drainage e~uent is currently manned
by the following techniques: (a) draina~ source con-Water conservation practices have improved in
trol and wa~r consolation practices; ~) rninbniza-each of the DSA water districts ~hrough t]ae use of
Lion of tailwater and separation of tailwa~er andirrlgaLion consultants, the implementation of tiered
bilewater; (c) reeircalation and blending of subsurfacewa~r pricing po]icics, and the organization of wa~r
drainage water; and (d) manipu]abion of subsurfacemanagemen~ workshops for farm workers with
drainage sumps. Implementation of these ~dmiquesinstruction in bo~h English and Spanish. Consider-
requires intensive wate.r managemen~ and requireable improvements in on-farm irrlga~ion practices
careful moni~ng~salbs, have occurred over the last 12 months wi~h invest-

The Grasslands Bypass Project, ini~ia~d in Oeto-meats in sprinkler sys~ms and gated pipe to reduce
bor 1996, is a unique prepare under which the agri-losses associated wifi~ furrow pre-lrrigation and con-
cultural wa~r dialects a~ecd to llmit monthly andveyancv in earth-lined ditches. ~armor8 in bhe DSA
annual ~elenium loads from the 41,000 hectare DSA.had found tliat irrigation efficiencies were poorest
A fee schedule for all vxeeBdtmee~ of monthly andduring pre-irrlgation resulting from poor application
annual targets (~th a cap of $250,000) was ab~eeduniformity.
a~r negotiations between the farmers, agricultural
water districts, and the state and federal agencies
participating in the project. Although the stringent~ilwaterReturn System.s
monflaly load limits currently constrain the flexibility
of the wat~r dis~ric~ to adjust discharges to match l)ist.ric[ poliei~s that ~equi~e all irrigation tailwa~er
river assimilative capacity, actions have been takento be recycled and kept separate from subsurface
flint will lead ~o improvements in future real-timedrainage have improved on-~rm irrigation effieien-
management of discharges. A multi.million dollarcies and reduced drainage volumes. One ofthe effects
investment by the participating wat~r dis~ricts in flowof implementing this policy bus been to educate dit~:h
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~mders and il~crease their understanding of O~e effectdesigned to minimize ~heir at~rac[,ion t:~ wildlife by
of management practices on irrigation distribution.making them deep with steep sl)orelines, denuded
uniformity. As a result many fields have been subdi-
vided and furrow row ]m~g~hs r~duced from 800
meters (]12 mile) to 400 me~rs (1/4 mile).

IN~ITUTIONA1, F~MEW0RK
Drainage Recirculation

For the rcal-t.ime water quality management eye-
The volume of subsurface drainage that can betern ~ be felly implemented and succ~msfi~lly used by

recirculated is llmi~d by thv ~lerance of the crop ~o s{~keholders, some institution building and reform at
salt and boron concentrations. Gcnor~lly, when sub- the sta~ l~cl will likely be require& lacentives need
surface drainag~ is rec]rc~]ated, i~ is b]cndcd with to be crea~ed for’all pa~]cs Cot the acquisition,

good quali~v surface supplies ~o minimize po~l~tialand sharing of drainage and reuervoir release data.
negative impacts on crop yield. Ample supplies ofDeveloping systems for dlssem]nutlon of currvnL
good qu~fli~y supply water are needed periodically ininformation ~ in,rested parties is the first st~p and
an irrigation system where recircalated subsurface. has been initiated through use of the Internet and the
drainage is used (Rhoades,1984), creation of an e-mail listserver for the project. The

]istscrver automa~ically relays messages (including
f~rec~sts of real-time flow, water quality and sched-

Manipulation of Drainage Sump~ u}ed reservoir rcl(~ase data) fi~r downstream fisheries,
flood control and recreation ~o Lhe antlre mu]Liagcncy
subscriber list.Drainage sump pumps are typirally activated when

A problem is created in this unstructured sharingthv wa~r ](~ve] rises above an electronic sensor
ed in the sump. The pump sensors would be o~errid-of information in that i~ does no~ have a formal feed-

den so as to shut off during periods of low riverback leap - hence actions ~ken as a resu}L of O~e flow

assimilative capacity and to turn on only whcn riverand water quality forecasts gleaned l~om the ]istserv-

assimi]ative capacity was adequate to accommoda~er arc no~ accvun~d for in thc current system. For

drain flows. The manipulation of sump pumps has~xample, a downstream riparian divertcr might
increase pumping above typical seasonal levels fromlimited utility during periods of available assimilative
the Sa~ Joaquin River, if forecasLs indicated a shortcapacity, i.e., during fall and winter mm~ths and ~n

"we~ wa~r years, term improvement in water qualil~y. This action would
decrease flow and salt lead in the San Joaquin River
reducing the a~uracy of fl~e Vm’nalis forecast. Fore-

Regulating Reservoirs cased Vcrnalis EC could increase or decrease depend.
ing on the location of the diversion and fl~e relative
salt concentration of the river relative to the Vcrnalis

One means of reducing the response ~imc is toEC obj~ctiv~. One means ofdealing with the feedback
build re~lating rese~oirs, such as those consideredproblem would be ~ set up specific schedules fi,r
in the planning studies, discussed carlicr. Duringing San J~aquin River wa~r q~lity f~recasts, and ~br
periods ~f low assimilative capacity, excess drainageissuing official updates to O~csc forecasts, bascd on
is stored in the reservoir and later released whenfeedback information. To do this effective]y will
assimilative capacity becomes available. If theserequire the cs~blishm(~nL of ~ central aut.hority with
reservoirs were ~ be located vlose to ~he San Joaquinresponsibility for water quality in ¢.hc San Joaquln
River s~rage could be manipula~d to tak(~ advantageRiver wifl~ control over drainage and reservoir opera-
of sh()rt-term periods af high assimilative capacity.~io~]s. Tbc current system has been in place tbr less
’£ho experience at ~sterStm ~servoir (Presse~ 1994)than two years. 1~ is envisaged that the ~echnology
and in the evaporation ponds of the ~lare Basin, Ca]-transfer proccss and the ]ooscnlng of institutional
ifornia (Skorupa and Ohlendorf, 1991) have showncsnstrainLs will take several more years before
the po~ntial danger of holding large volumes of sole.pot~ntial benel]ts of this system are realized. A
nium contaminated water above grotmd foc cx~ndcdresearch and development gran~, of $900,000 has
periods of~ime. In both cases, bioaccumulation result-awarded ~ the SJRMI¯ Water QualiLy Commi~L~c to
ed in observable impacLs to wildlife, even a~ low waterco~tinuc development of the real.time wnl’.~w quality
column coacentratio~s. Research and ~nonltoringforecasting system over 0~c ncx~ ~hrcc years.
studies are needed to de~rmine safe holding t,imcs in
these reservoirs. These reservoirs should ~lso
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